A full wave nonlinear inverse scattering algorithm is presented and resulting images shown
INTRODUCTION
Ultrasound has been proposed as an adjunct diagnostic modality for 25+ years [3, 5] . The present mode of hand-held ultrasound incorporates the use of tissue characteristics indirectly inferred from 'speckle behavior' and other image hints [2] . Although there are companies and research groups attempting to minimize the effect of the operator (e.g. U-systems in San Jose, California), TSI is unique in its goal to yield quantitative estimates of the tissue properties. For example the attenuation characteristics of the tissue within a suspected lesion can be indirectly inferred from the shadowing/lack of shadow behind the lesion. These methods have had some success in the hands of well-trained experts, [2] , however, it is clear that if accurate physics could be brought to bear on the problem, it should be possible to accurately model the propagation of ultrasound through a human breast, thereby resulting in quantitative and high resolution imaging. Early work in this direction used time of flight algorithms to estimate the speed and a similarly crude algorithm to estimate the attenuation. In the intervening years there has been a virtual explosion of papers in the 'so-called' inverse-scattering literature. Some of these papers have focused on the mathematical aspects, while others have dealt with algorithms that can be applied to laboratory data. We discuss the mathematical side of the algorithm below. A large number of the laboratory-applicable algorithms have arisen from the Microwave imaging literature. Here we follow [1] in notation and presentation of theory.
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We present some preliminary results using Ultrasound Computed Tomography (USCT), and discuss possible reasons for the discriminatory value of attenuation. In particular, it appears that malignant tissue has a high attenuation value. We make no claims as to the validity of the medical hypothesis at this point. We present a scientific hypothesis (that cancer has an abnormally high attenuation coefficient) and refer to [Johnson, et al.] , papers presented in this conference for some preliminary evidence that may be supportive.
FORWARD PROBLEM
The forward problem is well-known: given an incident field and some distribution of speed of sound and attenuation, c(x), α(x), determine the pressure field f(x). By contrast, the inverse problem is: Given the pressure field f ωφ (x) as measured for some transmitter positions, φ = 1,...,Φ, (known incident fields) and frequencies, ω = 1,...Ω, determine the distribution of speed of sound and attenuation, c(x), α(x) in some region (e.g. the breast).
Once the data has been collected it must be properly processed in order to yield an image. This is a computationally very intensive task. We have developed several algorithms over the past 5 years that dramatically reduce the computation time. We outline the basis of our algorithm in operator theory and integral equation notation due to its flexibility, and continuity with [1], but leave the details to several patent publications [e.g. USPTO# 6,005,916]. The frequency domain scattering problem is modeled by the Helmholtz equation.
In this equation f(x) is pressure, and k is the wavenumber, which is given by: ( ) ( ) ( ) 
